ABSTRACT Objectives: The aim of this analysis was to quantify the risk factors associated with maternal morbidity among women in Victoria, Australia, focusing particularly on sociodemographic factors.
INTRODUCTION
Internationally, detailed assessment of maternal deaths through formal review, such as the Confidential Enquiry into Maternal Deaths in the UK and the Triennial Maternal Mortality Reports released by the Australian Institute of Health and Welfare, has provided important information on populations of women at risk of maternal death and have been acknowledged as major contributors to the decline in maternal deaths in high-resource countries over the past 50 years. 1 However, it has also been recognised over the past few decades that in countries where maternal deaths are infrequent, a focus on maternal morbidity can provide more generalisable information that can be used to improve maternal health outcomes and quality of healthcare provision than mortality alone. [2] [3] [4] [5] [6] Strengths and limitations of this study ▪ The size of the database, which included data on all maternities in Victoria during the study period allowed for a large, statistically well-powered study to be performed. ▪ The availability of a large amount of data on clinical outcomes and demographics for each study participant enabled a range of risk factors for outcomes of several maternal morbidity to be investigated. ▪ The absence of body mass index (BMI) and smoking status data in the database was a limitation of the study, particularly given the potential associations between socioeconomic position, maternal morbidity and BMI and smoking. ▪ Socio-Economic Indices for Areas (SEIFA) codes mapped only to large postcode areas may have limited our capacity to assess the impact of small area-based socioeconomic position on maternal outcomes. Nevertheless, we were able to discern important variations by socioeconomic position.
In Australia, State governments are principally responsible for the provision of public healthcare, and the collection of health outcome data is therefore performed routinely at the State rather than national level. While selected State-based data are provided for a national report, more complete data are available in State maternity databases and can be usefully interrogated to explore the prevalence of morbidity and risk factors across a subset of the population. One such database is the Victorian Perinatal Data Collection (VPDC), administered by the Consultative Council for Obstetric and Paediatric Mortality and Morbidity. A statutory population-based surveillance system mandated to collect and analyse information about the health of mothers and babies was established in the state of Victoria in 1982, becoming the VPDC in 2008 and now covering 73 755 births per year. 7 8 The data collected by VPDC include information about all morbidities which occur in association with pregnancy and birth, thus allowing for analysis of the impact of various demographic and clinical risk factors on a wide range of morbidities.
In order to ensure that the occurrence of adverse outcomes is reduced, it is imperative that high-risk women are identified and managed accordingly through appropriate antenatal and peripartum care. Recent Australian research has suggested that socially disadvantaged women are at increased risk of severe maternal morbidity during pregnancy and labour with women from the lowest socioeconomic group twice as likely than women from the highest group to experience severe complications of pregnancy. 8 A study in the UK also reported that women from the lowest deprivation quintile were 21% more likely to experience adverse pregnancy outcomes. 9 However, both these studies focused solely on women with a small group of the most severe morbidities.
Using data from the VPDC, the aim of this analysis was to quantify the risk factors associated with maternal morbidity among women in Victoria using a previously described maternal morbidity outcome indicator, 10 focusing particularly on sociodemographic factors.
METHODS

Data collection and variables
We used information recorded in the VPDC from 1 January 2006 to 31 December 2008 and included all maternities in Victoria during that time. VPDC data on maternal demographics, obstetric conditions, procedures and outcomes, neonatal morbidity, and birth defects are collected via a mandatory birth report 11 completed by the attendant midwife for every birth in Victoria of at least 20 weeks gestation or greater than 400 g birthweight (if gestation is unknown):
7 all births including deliveries of women with high-risk pregnancies are attended by a midwife.
Data are checked for completeness on submission to the VPDC and inconsistencies or incomplete data are queried with the reporting hospital. Internal validation of the quality and reliability of the VPDC perinatal data is performed through regular projects designed to verify the accuracy of the coding.
Cases were defined as all women noted to have had a severe complication during the index pregnancy. The definition of severe maternal morbidity used in this analysis is based, with some modification, on the validated, composite Australian Maternal Morbidity Outcome Indicator (MMOI) developed by Roberts et al 10 in 2008 using a compilation of diagnostic and procedural ICD-10 codes (International Classification of Disease; table 1).
Using the postcode information that was available in the database ( postcode), socioeconomic position was defined by the Socio-Economic Indices for Areas (SEIFA) measure. The Index of Relative Socioeconomic Disadvantage (IRSD), one of the four indices of SEIFA, was used, which focuses on relative disadvantage and 'summarises a wide range of information about the economic and social resources of people and households within an area'. 12 Women who identified as Aboriginal or Torres Strait Islander were classified as Indigenous Australian in the data set.
The analytic variable 'maternal medical condition' included ICD-10 coded conditions known to be risk factors for severe maternal morbidity 4 13-15 such as cardiac disease, pre-existing diabetes, epilepsy, essential hypertension, haematological disorders, past thrombotic event (deep vein thrombosis, stroke, pulmonary embolism) and severe mental illness. Obstetric history was limited to number of caesarean sections, ectopic pregnancies and previous spontaneous miscarriage based on information available in the data set.
Statistical analysis
The characteristics of women with severe maternal morbidity were described and the association between morbidity and individual characteristics was assessed using χ 2 analysis. These associations were further explored using univariable logistic regression to generate ORs and 95% CIs.
Based on the results of the unadjusted analysis and on pre-existing knowledge of risk factors for severe maternal morbidity, potential confounders were selected a priori for inclusion in the multivariable regression model. These variables included Indigenous status, that is, Aboriginal and Torres Strait Islander status, country of birth, age group, coexisting medical conditions and multiple pregnancy. Additional variables to be explored in the model as potential confounders were past caesarean section, parity, past ectopic pregnancy and previous spontaneous abortions (miscarriage). Missing data were dealt with as separate subcategories within each variable. Multivariable analysis was performed in a case-control analysis using unconditional logistic regression in order to calculate adjusted ORs (aORs) with 95% CIs.
Ethics statement
Written informed consent from the study participants was not required as all patient records held by the VPDC were anonymised and all data provided by VPDC on the study participants were de-identified.
RESULTS
The overall maternal patient population comprised 211 060 women, including 1119 women with severe maternal morbidity (cases); the remaining 209 941 women were designated as the controls. The prevalence of severe maternal morbidity was 530/100 000 maternities (0.53%). The data set included a total of 1002 women who underwent a termination of pregnancy after 20 weeks gestation.
The overall proportion of women in public maternity care (136 665; 64.8%) was higher than in private care (74 395; 35.3%) and there was a higher number of cases than controls in public care (751 (67.1%) vs 368 (64.7%), respectively; table 2).
There was a higher proportion of women aged <20 years in the case group (3.6%), but the distribution of cases and controls was otherwise similar across each age group (table 2). The distribution of case and control women across ethnic groups was similar, but there was a higher proportion of cases among Indigenous women compared with non-Indigenous women.
Women were predominantly married (151 245; 71.7%) and most women were multiparous (119 784; 56.8%) and had no significant coexisting medical condition reported (191 696; 90.8%). The majority of pregnancies were singleton (207 308; 98.2%). Nearly three-quarters of women had had an ultrasound prior to 13 weeks gestation (151 362; 71.7%).
After adjusting for all confounding variables in the data set, compared with the highest IRSD quintile (least deprived) the aOR for the second quintile was 1.23 (95% CI 1.03 to 1.49), 0.98 (95% CI 0.79 to 1.21) for the third quintile, 1.55 (95% CI 1.28 to 1.87) for the fourth and 1.21 (95% CI 1.00 to 1.47) for the lowest (most deprived) quintile (table 2). The aOR for women with missing socioeconomic data was 1.74 (95% CI 1.21 to 2.50). Indigenous status was associated with twice (aOR 2.02; 95% CI 1.32 to 3.09) the odds of being a case.
There was a U-shaped relationship between age and maternal morbidity with age <20 years (aOR 1.14; 95% CI 0.81 to 1.60) and ≥35 years (aOR 1.22; 95% CI 1.04 to 1.44) being associated with increased odds of being a case (although the association with age <20 years did not reach statistical significance), compared with the baseline group of 25-29 years (table 2) .
Multiple pregnancy was associated with a 2.30 times (aOR 2.30; 95% CI 1.71 to 3.10) increased odds of being a case (table 3) . Compared with multiparous women, primiparous women were 36% (aOR 1.36; 95% CI 1.18 to 1.57) more likely to be a case and women with coexisting medical conditions were 39% (aOR 1.39; 95% CI 1.16 to 1.65) more likely to be a case. Women who had had one or more previous caesarean sections were almost 80% (aOR 1.79; 95% CI 1.53 to 2.10) more likely to be a case (table 3) . Those with 1-2 past spontaneous miscarriages were 25% more likely (aOR 1.25; 95% CI 1.08 to 1.44) and those with 3 or more past miscarriages were almost 60% more likely to be a case (aOR 1.57; 95% CI 1.10 to 2.24). There was no significant association between maternal country of birth, marital status and public/private maternity care and the odds of severe maternal morbidity (table 2) .
DISCUSSION
Main findings
This study contributes to the existing body of research exploring risk factors for severe maternal morbidity in Australia. The findings demonstrate that lower socioeconomic position, Indigenous status, older maternal age and a range of clinical factors including multiple pregnancy, primiparity, coexisting medical conditions, a history of previous pregnancy loss and a history of prior caesarean section all increase the odds of severe maternal morbidity.
The recently published Australian national study 8 which used data from the Australasian Maternity Outcomes Surveillance System (AMOSS) found that women from the lowest socioeconomic group were twice as likely to experience severe complications of pregnancy than women from the highest socioeconomic group. Although there was not a clear dose-response relationship, our findings from this Victorian analysis also show that women from the lowest quintile are more likely than women from the highest socioeconomic quintile to experience severe maternal morbidity. The current study also showed elevated odds of morbidity among women from the fourth quintile.
Research in the UK has suggested that differences between women from higher and lower socioeconomic groups may be attributable to differences in the quality of care women receive, the way they are treated once they present for care, the higher rates of late engagement with antenatal care and emergency caesarean section delivery among women from the lowest socioeconomic group. 16 This finding requires further exploration in Australia. †Not included in multivariable model as either it did not contribute significantly to the fit of the model, or was on the causal pathway (mode of delivery) or considered an outcome (ICU/HDU admission). ATSI, Aboriginal and Torres Strait Islander; HDU, high dependency unit; ICU, intensive care unit.
A study conducted in 2010 that investigated ethnic differences in severe maternal morbidity in the UK found a significantly increased risk among non-white women (126/100 000 maternities) compared with white women (80/100 000 maternities). 17 In keeping with the findings of the AMOSS study, the results relating to risk by country of birth are not statistically significant among the Victorian cohort in this analysis. However, the finding that Indigenous women have twice the risk of morbidity suggests that social disadvantage in Australian society is possibly mediated more through Indigenous status than through ethnic group related to country of birth.
This study highlights for the first time the poor maternal health outcomes among Indigenous Australian women (aOR 2.02) in a non-remote setting where barriers to adequate maternity care and access to services are likely to be less compromised than in rural and remote Indigenous communities. Although the number of births to Indigenous women in Victoria is small overall, the rate has almost trebled over the past 30 years 11 and Victoria therefore provides an appropriate setting in which to explore maternal health outcomes among non-remote Indigenous women. The AMOSS study, which was based on data collected across Australia, found that much of the apparent increase in risk of pregnancy complications experienced by Indigenous women was mitigated after adjustment for socioeconomic position suggesting that socioeconomic factors, rather than Indigenous status per se, are likely to play the major part in the observed inequalities in maternity outcomes between Indigenous and non-Indigenous Australians. In contrast, in the current study, which was based on much larger numbers of women, we observed the persistence of an increased risk of severe morbidity among Indigenous women in Victoria even after adjustment for socioeconomic status (SES). Although data limitations predicated that this analysis was not able to control for smoking and drug and alcohol use, which may be higher among Indigenous women, the results suggest that for Indigenous women in Victoria, being Indigenous itself is a risk factor for maternal morbidity.
In a recent Australian editorial, Michael Marmot emphasised that the 'gap' in life expectancy between Indigenous and non-Indigenous Australians "bespeaks large social inequalities" in Australian society, arising from the circumstances in which "people are born, grow, live, work and age". 18 If we are to 'close the gap' then further research is needed to explore why such a difference in maternal outcomes persists when service access and availability for Indigenous women in Victoria is ostensibly the same as non-Indigenous women. That poorer outcomes persist among indigenous women is particularly important in Victoria where a dedicated Koori Maternity Service has existed since 2000 with the aim of delivering safe and effective care in a culturally appropriate manner in partnership with the local community and individual woman. 19 The current perinatal mortality rate for Indigenous babies is 20.4 babies per 1000, compared with 6.6 per 1000 among non-Indigenous babies. 19 In order to reduce this gap, one of the key tenets of the 'Koolin Balit' statewide plan for Aboriginal health is 'A healthy start to life', focusing on improving antenatal engagement of Aboriginal mothers, reducing smoking and drinking during pregnancy, decreasing the number of low birthweight Aboriginal babies and improving breastfeeding rates. The action plan also emphasises the importance of improving data collection and 'reviewing the existing maternal and child health service model to identify evidence-based approaches to providing support that is more proportionate to the needs of vulnerable families'. This analysis suggests that an inequity in risk of severe maternal morbidity still exists between indigenous and non-indigenous women in Victoria; further research is needed to explore what aspects of services might be modified to address this disparity.
Women 35 years of age and older had a 22% increased odds of morbidity and young women <20 years a 14% increased odds, although the latter may be a chance finding as illustrated by the CIs. These results are also comparable with the results of the UK analysis 9 which showed that risk of morbidity increased at both extremes of age (women aged ≥35 years were 90% more likely to suffer from maternal morbidity and those <20 years were 20% more likely compared with women aged 25-29). The general pregnancy risks associated with older maternal age are well documented. 3 6 20-22 The association between the younger extreme of maternal age and maternal morbidity is also not unexpected given the elevated risk of maternal mortality among younger women, 23 and the known elevated risk of conditions such as hypertensive disorders of pregnancy at younger ages.
Having had a previous caesarean section delivery was associated with moderate and statistically significant increases in risk of severe morbidity. The rise of caesarean section rates in high-income countries, including in Victoria, 11 has led to extensive research into the risks associated with caesarean delivery, especially in the context of repeated caesareans. For example, previous caesarean section is associated with a significant increase in risk of peripartum hysterectomy and that this risk increases with each subsequent caesarean delivery (OR 2.14 with one previous delivery (95% CI 1.37 to 3.33), 18.6 with two or more (95% CI 7.67 to 45.4)). 24 These findings have significant implications for counselling of pregnant women about mode of birth.
Strengths and limitations
One of the major advantages of the existing data infrastructure in Victoria is that information on all births has been routinely collected across the State since 1983 allowing for estimation of the population prevalence of various conditions and procedures and changes in outcomes over time. This also means that the VPDC data set is large and that studies using these data are statistically adequately powered.
The birth report also contains relevant demographic information for each woman. However, body mass index and smoking status were not routinely collected prior to 2009 and so, despite being potentially important factors in the analysis of socioeconomic position and maternal outcome, they were not able to be included in this current analysis.
For the purpose of this study, the coding of data into ICD-10 codes allowed for a simple approach to defining morbidity, based on the validated MMOI. 10 This approach allowed for a clear and inclusive definition of maternal morbidity and which conditions or procedures to include.
At present, the SEIFA coding framework is the only measure of socioeconomic position available nationwide in Australia. 25 Until 2009, VPDC data were only able to be mapped to postal areas for SEIFA coding which, in Australia, are relatively large, neighbourhood regions. Using an area-based measure of socioeconomic position mapped to a large and varied area potentially blunts the accuracy of the classification and the precision of the results. For example, in Melbourne, many social housing apartment complexes are located within the most affluent suburbs and postcode areas. Arguably, this leads to similar levels of access to healthcare services for all residents in the same area but with significantly different health opportunities for lower socioeconomic groups resulting from lower income, poorer housing, lower levels of education and more adverse health-related behaviours. However, the absence of any individual measures of socioeconomic position in the VPDC data set such as occupation, income and education level meant that this was the only approach that we could take and despite its limitations, which would have led to an attenuation of associations, we were nevertheless able to discern important variations by SES.
CONCLUSION
In this study, we have shown that socially disadvantaged women in Australia, that is women from disadvantaged areas and those with an Indigenous background, had significantly higher rates of maternal morbidity than women from higher socioeconomic groups and non-Indigenous backgrounds. In keeping with the recently published AMOSS study, 8 the comparison of findings from the UK 9 and the results from Victoria suggest that a similar relationship between socioeconomic position and maternal morbidity exists in both countries, despite universal healthcare. Research in the UK has provided some insight into why these social differences may exist. 16 In contrast, the reasons for the impact of social disadvantage in Australia remain poorly understood. In addition to highlighting the need for further research into this issue, the current findings from Victoria strongly suggest that social disadvantage needs to be acknowledged as an independent risk factor for adverse maternal outcomes in Australia and incorporated into appropriate policy planning and healthcare programmes.
